This study evaluated the impact of dual versus single antiplatelet therapy on major adverse cardiovascular outcomes in Arab citizens with acute coronary syndrome.
Introduction
Acute coronary syndrome (ACS) is the leading cause of mortality in Asia [1, 2] . It is also associated with significant morbidity in the region with over 129 million disability-adjusted life years annually [2] . The use of dual antiplatelet therapy (DAPT), which is usually a combination of aspirin and an oral P2Y12 inhibitor, has become the management of choice for ACS as recommended by the European Society of Cardiology and the European Association for Cardio-Thoracic Surgery [3] as well as the American College of Cardiology and the American Heart Association Task Force on Clinical Practice Guidelines [4] .
The benefits of DAPT in the reduction of cardiovascular (CV) events are well established [5] [6] [7] [8] . However, data on the use of DAPT among ACS patients in the Arabian Gulf region are scarce. The Gulf COAST (Gulf Locals with ACS Events) was a prospective, multicountry, multicenter registry of consecutive Gulf citizens hospitalized with the final diagnosis of ACS in 4 Arab Gulf countries [9] . This unique registry of Gulf citizens provides an opportunity to evaluate the management of medication and outcomes among ACS patients in the region. The aim of this study was to evaluate the effect of DAPT on major adverse CV events (MACE) in ACS patients in the Arabian Gulf.
Subjects and Methods
The methods of the Gulf COAST registry have been published previously [9] ; the Gulf COAST registry was a prospective, multicenter, multinational, longitudinal, cohort study of consecutive citizens, from 4 countries in the Arabian Gulf (Bahrain, Kuwait, Oman, and United Arab Emirates) admitted from January 2012 to January 2013 to 29 hospitals with a diagnosis of ACS. The registry enrolled a total of 4,044 patients who were ≥18 years of age with ACS diagnosed according to clinical data standards of the American College of Cardiology (ACC) clinical data standards [10] .
In this study, DAPT consisted of aspirin (81/100 mg) and clopidogrel (75 mg), while single antiplatelet therapy consisted of aspi-rin (81/100 mg) alone. MACE events included stroke/transient ischemic attack (TIA), myocardial infarction (MI), all-cause mortality, and readmissions for cardiac reasons, captured cumulatively at 12-month after hospital discharge. Data collected included patients' demographics, clinical history, laboratory data, management including medications. Follow-up was performed at 12-month post hospital discharge and was carried out by clinic visits or telephone interviews.
The study was approved by the appropriate institutional and/ or national research Ethics Committee in each of the participating Arabian Gulf countries and has been performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Statistical Analysis
Categorical variables were presented as frequencies and percentages and differences were analyzed using Pearson's χ 2 tests. Means and SDs were used to summarize continuous data and analyses were performed using Student t test. The association between DAPT and MACE was evaluated using multiple stepwise logistic regression utilizing the backward-selection method with a significance p value of 0.2 for the removal from the model. The models were adjusted for GRACE risk score for in-hospital mortality (a composite score of age, heart rate, systolic blood pressure [BP], serum creatinine, cardiac arrest at admission, stent thrombus (ST) segment deviation on EKG, abnormal cardiac enzymes, and Killip class), which has been validated in a similar ACS registry in the region [11] . The logistic regression models were also adjusted for gender, body mass index, smoking status, alcohol use, peripheral artery disease, dyslipidemia, diabetes mellitus, prior MI, premature coronary artery disease (CAD), diastolic BP, major bleed (during admission), percutaneous coronary intervention (PCI), discharged diagnosis, and use of cardiac medications at hospital discharge (beta blocker, statin, angiotensin-converting enzyme inhibitor [ACEI], or angiotensin receptor blocker [ARB] and calcium channel blocker [CCB]).
The goodness-of-fit of the logistic models were examined using the Lemeshow and Hosmer [12] goodness-of-fit statistic as well as the C-index [13] . An a priori two-tailed level of significance was set at the 0.05 level. Statistical analyses were conducted using STA-TA version 13.1 (StataCorp., 2013, Stata Statistical Software, College Station, TX, USA).
Results
Of the 4,044 patients in the Gulf COAST registry, we utilized data of 3,559 patients who were discharged with DAPT (n = 2,634; 74%) or aspirin therapy alone (n = 925; 26%) for this analysis. The overall mean age was 60 ± 12 years and 67% (n = 2,373) were males. A total of 25% (n = 876) of the patients were current smokers and 3.0% (n = 105) were alcohol consumers. Only 29% (n = 1,026) of the patients had PCI. Out of those that had PCI, 81% (n = 833) had drug-eluting (DE) stents, 15% (n = 154) had Med Princ Pract 2020;29:181-187 DOI: 10.1159/000503438 bare-metal (BM) stents, 2.1% (n = 21) had both DE and BM stents while 18 patients had no documented stent type. At 1-year follow-up, 3.5% (n = 125) of the patients were lost to follow-up.
As shown in Table 1 , those discharged on DAPT were more likely to be males (p < 0.001), current smokers (p < 0.001), alcohol consumers (p = 0.006), or with prior history of MI (p < 0.001), dyslipidemia (p < 0.001), premature CAD (p < 0.001) or diabetes mellitus (p = 0.001). Those on DAPT were more likely to have been diagnosed with ST elevation MI (27 vs. 15%; p < 0.001), while those discharged on aspirin alone were more likely to have been diagnosed with unstable angina (37 vs. 25%; p < 0.001). DAPT users were also more likely to have undergone coronary angiography during admission than those discharged on aspirin alone (50 vs. 18%; p < 0.001). However, those discharged on aspirin only presented with higher heart rate (88 vs. 83 beats/min; p < 0.001), diastolic BP (82 vs. 81 mm Hg; p = 0.024), serum creatinine (85 vs. 81 µmol/L; p = 0.002), CRUSADE risk score (36 vs. 34; p < 0.001), Killip class (p < 0.001), and major bleeding during admission (2.4 vs. 0.7%; p < 0.001). Out of those that were discharged on DAPT, 38% (n = 988) were stented. In those that were on aspirin monotherapy, only 2.2% (n = 20) were stented. At discharge, DAPT patients were also more likely to have been prescribed ARBs (16 vs. 12%; p = 0.002), beta-blockers (87 vs. 80%; p < 0.001), statins (98 vs. 95%; p < 0.001), other lipid-lowering medications (2.7 vs. 1.5%; p = 0.048), and CCBs (16 vs. 11%; p < 0.001) but less likely to have been prescribed oral nitrates (58 vs. 67%; p < 0.001).
After adjusting for various demographic and clinical confounding factors (Table 2) , at 12-months follow-up, patients discharged on DAPT were significantly less likely to experience MACE (adjusted OR [aOR] 0.73; 95% CI: 0.61-0.86; p < 0.001) compared with patients discharged on aspirin alone. Lower CV risk was also seen across the MACE components: MI (aOR 0.66; 95% CI: 0.49-0.88; p = 0.005), all-cause mortality (aOR 0.69; 95% CI: 0.51-0.94; p = 0.018), and readmissions for cardiac reasons (aOR 0.79; 95% CI: 0.66-0.95; p = 0.011). However, DAPT was adversely associated with increased risk of stroke/ TIA (aOR 1.68; 95% CI: 1.05-2.69; p = 0.030). Out of the 126 stroke/TIAs, only 42 events were strokes, with the rest (n = 84) being TIAs. The stroke types were largely missing or unknown (with computer tomography [CTs] not done) with only 1 thrombotic and 1 hemorrhagic stroke documented. MACE included stroke/TIA, MI, mortality, and readmissions for cardiac reasons at 12-month follow-up. Events are cumulative. Multivariate analyses were conducted using multiple stepwise logistic regression model utilizing the backward-selection method with a significance p value of 0.2 for the removal from the model. The covariates in the models included GRACE risk score (derived from age, heart rate, systolic blood pressure, serum creatinine, cardiac arrest at admission, ST segment deviation on EKG, abnormal cardiac enzymes, and Killip class) as well as gender, BMI, smoking status, alcohol consumption, diabetes mellitus, peripheral artery disease, dyslipidemia, prior MI, premature coronary artery disease, diabetes mellitus, diastolic blood pressure, major bleeding, percutaneous coronary intervention, discharged cardiac medications, other than aspirin and clopidogrel (beta blocker, statin, ACEI, orARB, CCB), and discharged diagnosis. Over the 1-year follow-up period, there was a total of 3.5% (n = 125) of the patients lost to follow-up. DAPT consisted of aspirin plus clopidogrel adjusted OR, HL Hosmer and Lemeshow p value, ROC area under the receiver-operating curve (also known as c-statistic).
TIA, transient ischemic attack; DAPT, dual antiplatelet therapy; MACE, major adverse cardiac events; MI, myocardial infarction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; aOR, adjusted OR; BMI, body mass index; ST, stent thrombus. 
Discussion
This large, prospective, multinational, multicenter study from the Arabian Gulf region demonstrates that, at 12-months follow-up, patients with ACS discharged on DAPT compared with those on aspirin alone were significantly less likely to experience MACE outcomes, compared with patients discharged on aspirin alone. Specifically, after multivariate adjustment, ACS patients on DAPT were 34% significantly less likely to suffer MI, 21% less likely to be readmitted for any cardiac reason, and 31% less likely to die. These findings are similar to other studies conducted in other regions of the world using a P2Y 12 receptor inhibitor and aspirin as DAPT [5, 8] .
The role of DAPT in decreasing the risk of major CV events, and mortality among ACS and PCI patients was established by several randomized clinical trials such as CURE [5] , COMMIT/CCS-2 [6] , CLARITY-TIMI-28 [7] , and CREDO [14] . DAPT use, with aspirin and clopidogrel, has been shown to reduce 1-year incidence of CV events by approximately 20% compared with aspirin alone. Since then, more potent and consistent P2Y 12 receptor inhibitors such as prasugrel or ticagrelor have also been used and found to be superior to clopidogrel in TRI-TON [15] and PLATO [16] trials.
The balance must be struck between reducing future CV events and increased risk of bleeding due to prolonged use of DAPT [17, 18] . In both the CURE and PE-GASUS-TIMI 54 trials [5, 8] , DAPT of clopidogrel or ticagrelor with aspirin was associated with 38% (95% CI: 1.13-1.67; p = 0.001) and 169% (95% CI: 1.96-3.70; p < 0.001) higher risk of major bleeding events compared with aspirin alone, respectively. In the current study, although data on major bleeding 12-months post hospital discharge were not captured, the risk of stroke/TIA was significantly increased by 68% among patients on DAPT compared with those using aspirin alone. In the recent international POINT study [19] , which was halted at 84% enrolment by the Data Safety Monitoring Board, the combination DAPT regimen was associated with major bleeding including intracranial hemorrhage at 90 days post-initiation of therapy (0.9 vs. 0.4%; hazard ratio 2.32, 95% CI: 1.10-4.87; p = 0.02) in patients that had prior minor strokes and TIAs. The authors recommended only short-term use of DAPT followed by monotherapy due to concerns of major bleeding in these patients.
In 2014, the DAPT study demonstrated a decreased risk (30 vs. 12 months of DAPT therapy) of major adverse CV and cerebrovascular events (4.3 vs. 5.9%; p < 0.001), MI (2.1 vs. 4.1%; p < 0.001), and ST (0.4 vs. 1.4%; p < 0.001), respectively [20] . However, the benefit of extended DAPT was counterbalanced by an increase in bleeding events (2.5 vs. 1.6%; p = 0.001), though severe and/or fatal bleeding was uncommon. There was also a borderline rise in all-cause mortality (2.0 vs. 1.0%; p = 0.050). However, an analysis comparing this study with 9 other trials enrolling > 20,000 patients evaluating DAPT duration after DE stent implantation reported that prolonged-DAPT for 12-to 48-month, as compared with short-DAPT for 3-to 12-month, was not associated with significant risk reduction for MI and ST [21] .
In a recent meta-analysis comparing short (≤6-months) vs. prolonged-DAPT (≥12-months) duration demonstrated that extension of DAPT beyond 6 months increased the risk of bleeding without reducing the risk of ischemic events [22] . The CURE trial has also shown the greatest absolute risk (average 1%) and relative risk reductions (average 27%) were in the first 3 months of DAPT initiation and treatment beyond this period although was useful, but risk reductions were variable (0.15 and 12%, respectively) [18, 23] . Current European and North American clinical guidelines, based on previous studies [15, 16, 24] , recommend DAPT for up to 12 months for ACS patients.
A total of 26% of the patients were not on the DAPT regimen. However, these results are not unique to the region; similar findings have been reported elsewhere, in Australia [25] and in Denmark [26] where 24 and 32% of their patients, post-hospital discharge after an ACS event, were on single antiplatelet therapy, respectively. Reasons for not using DAPT included bleeding, neutropenia, thrombocytopenia, vascular complications, and gastrointestinal side effects. It is important to note that this study did not capture the reasons behind the lack of prescribing of the dual DAPT regimen such as side effects, contraindications, allergies, and so on.
This study is not without limitations. First, as this is an observational study, its ability to assess causal relationships is limited. Second, we reported all-cause mortality, whereas CV mortality would have been more appropriate. Third, our study did not capture data on major/minor bleeding events, which made it challenging to compare the safety outcome of DAPT. Nonetheless, strokes/TIAs could be used as surrogates to gauge major bleeding events. Additionally, it would have been more informative if the type of stroke (ischemic or hemorrhagic) was also captured. Fourth, the prevalence of aspirin use only (in the 26% of the patients) could have been overestimated due to the lack of information on factors such adverse effects, contraindications, and allergies. Fifth, medications were only DOI: 10.1159/000503438 noted at hospital discharge, and they could have been stopped or changed to other medications during the 1-year follow-up. Sixth, a total of 3.5% (n = 125) of the patients were lost to follow-up at 1 year. However, there were no significant differences in the baseline demographics and clinical characteristics between the group that remained and the one that was lost to follow-up at 1 year.
Conclusions
To our knowledge, this is the only study in the Arabian Gulf region to evaluate and report on the effect of DAPT on MACE events in ACS patients. At 12-month follow-up after an ACS event, DAPT prescribing was associated with significantly lower MI, readmission for cardiac reasons, and all-cause mortality among Arabian Gulf citizens. However, DAPT was also associated with increased risk of stroke/TIA in ACS patients. The underutilization of the concomitant DAPT regimen in the Arabian Gulf region should alert physicians into bridging the adherence gap in their clinical practice toward evidence-based medicine. These findings should be interpreted in the context of the study's limitations. 
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